Introduction
For this purpose, the first need is a criterion to determine the priority of each industrial sector for bailout funds from the government. In the debates on the automotive sector, the supporting arguments for bailout often include "too big to fail", "creating three million jobs", "pillar of the economy", "financial viability" (General Motors Corporation, 2009; Chrysler, 2009; Dash, 2008) , etc. Most of these are centered on the scale or internal performance of the industry. In this work, I propose the priority of an industrial sector to receive bailout funds to be made in accordance with the sector's economic impacts externalized to the entire economy. Such a criterion is neither determined by the sector's own size nor the sizes of its directly connected sectors, but its marginal ability to pull the outputs of all the other sectors which are either directly or indirectly connected to it.
Based upon this criterion, I propose an approach that uses Input-Output tables to quantitatively rank the sectors, and indentify the key ones which deserve high priority to receive bailout funds from the government.
Since Leontief (1951) , Input-Output tables have been used to compare the impacts of sectors to a given economy and identify the "key sectors" (Rasmussen, 1956; Morillas and Diaz, 2008) . In particular, a strand of input-output analyses has attempted to use weighting factors and indexes according to the inter-sector network linkage patterns to compare sectors, and identify key sectors (Rasmussen, 1956; Chenery and Watanabe, In this paper, I will introduce a network analysis approach that quantitatively evaluate such network effect of a sector --the marginal ability of each sector to pull economic activities (e.g., output, job creation) in other sectors, and indentify the most important industrial sectors that can maximize the unit outcome of each cent of the bail-out fund for the entire economy. I applied this approach to the U.S. Input-Output tables, and each sector is ranked by a network-based metric. The results and analyses from this paper may provide insights for government decisions on the disposal of the bail-out funds.
Theory and Method
The central idea of this approach is: if one sector's dependents, i.e., those sectors supplying to it, are further highly depended by many other highly-depended sectors, this sector is regarded highly depended by the rest the economic network. I first define an abstract factor/rank for a sector's degree of being depended by the rest of the network generally. I tentatively call this factor/rank "Power-of-Pull". It indicates how much a sector can relatively pull the outputs of the overall economic network, rather than a subgroup of sectors directly connected to it. That is to say, one sector's Power-of-Pull depends on the Power-of-Pull of those who are pulled by it, while the Power-of-Pull of those who are pulled by it depends on the Power-of-Pull of those who are further pulled.
This could be an infinite regress situation. So forth, such economic pulling influence is diffused and extended via network paths. To quantify this idea needs a little mathematics.
In a single step, examining the sectors which are just one hop from sector i in the network of n sectors, its Power-of-Pull, ( ) P i , is a function of the Power-of-Pull of the n sectors (including itself), which are linked directly or indirectly to i. That is,
where λ is a scaling constant, and ki x is the dependence ratio of sector k on sector i. ki x indicates the percentage of k's output that is pulled by i. Practically, ki x is calculated as the ratio of output of sector k that is consumed by sector i, over k's total output, using the Use Therefore, the dependence ratio ki x can be derived by dividing each cell in row k by the sum of row k, i.e., the total output of sector k. Then we derive the dependence ratios shown in table 2.
( Table 2 about here)
Thus, if we take the ith column of the matrix in table 2, which contains entrees indicating all sectors' dependences on sector i's use, we can multiply these entrees by the Power-of-Pull of the other sectors in the whole network to obtain a linear combination measuring the Power-of-Pull of i. This is exactly how established formula (1) is established.
Thus, for the economy of n sectors, mathematically we have n linear equations like (1), all of which depend on and pull themselves, the { ( )}, 1, 2,...,
So we have n linear equations with n unknowns. If we take the entire dependence ratio matrix, X, and put the set of Power-of-Pull indices into a vector [ (1), (2),..., ( )]' p P P P n = , we can write this system of equations as.
The focus now is to find the solution for p . This is equivalent to finding the eigenvectors and eigenvalues for matrix ' X . And, I propose to choose the principle eigenvector of ' X as the Power-of-Pull ranks of the industrial sectors respectively, for two reasons: 1) our initial idea is just p is strongly determined by the Power-of-Pull of the group themselves, so large λ is preferred; 2) there is no multiplicity of the principal eigenvalue in our case.
Results and Analysis
This approach is applied to the 1998-2007 Use Tables after redefinitions at the summary level (http://www.bea.gov/industry/). The dependence ratio matrices are constructed based on the original tables, transposed them, found the principle eigenvector as p, and ranked the industrial sectors according to their p (Power-of-Pull). ( Table 3 about here) Table 4 shows the results of analyzing the network of 65 industrial sectors plus considering payment as input and personal consumption as output of the sector of "labor".
In this case, the labor sector has the largest Power-of-Pull, government stays as No. ( Table 4 about here) Table 5 shows the results of analyzing the network of 65 industrial sectors plus labor sector, and exports as another sector. In this case, the labor sector and government are still the top 2. However, exports replaced construction as the third. Motor vehicle sector's rank dropped again, but it is still ranked the highest among the manufacturing industrial sectors.
( Table 5 about Furthermore, one of the beauties of this approach is that, it does not count the production volume or size of a sector, but its marginal influence to all the other sectors, which is quantified by holistically considering the entire network of sectors. For instance, the motor vehicle sector needs bail-out, but the rationale is not because it is large, but because it has strong Power-of-Pull network effect to the rest of economy. Any penny invested here will be able to pull the rest of the economy much better than the IT sectors.
This approach can be also applied to analyzing detail-level Input-Output tables, other countries, and the international trade networks. 
